The essential oils of Hypericum perforatum, H. perfoliatum and H. hircinum, growing in Southern Italy, were analyzed by GC and GC/MS. In the three oils, 111 compounds in all were identified: 53 for the oil of H. hircinum (93.7% of the total oil), 55 for H. perforatum (96.5% of the total oil) and 63 for H. perfoliatum (98.7% of the total oil). The major fraction of the essential oils of H. perforatum and H. hircinum was represented by sesquiterpene hydrocarbons, while the monoterpene α-pinene, and the phenol thymol were the most abundant compounds in the essential oil of H. perfoliatum.
With about 470 species, Hypericum Linnaeus [1] (Guttiferae) is one of the 100 large angiosperm genera that collectively comprise about 22% of angiosperm biodiversity [2] . In recent years, Robson proposed a sectional classification of this genus, providing also an evolutionary hypothesis [3a,3b] . In Europe, Hypericum species are a characteristic both of some calcareous vegetal communities [3c] and sandstone landscapes [4] . The Italian vascular flora comprises 27 species of Hypericum, of which 12 grow in Southern Italy [5] .
Despite the cosmopolitan distribution of the genus and the fact that Hypericum species have traditionally been used as highly esteemed medicinal plants [6a] , the chemistry of the genus appears to be scarcely characterized. However, previous studies have shown that Hypericum species are rich in bioactive secondary metabolites [6b] . Several studies have been published in recent years on the essential oil composition of different Hypericum taxa. The composition of the volatile fractions of H. perforatum L. from different countries showed important variations in their composition depending both on the geographical origin and the phenological stage of the samples [7, 8] . Moreover, the essential oil has been proposed as a chemical marker both for subspecies of H. perforatum [9] and for different species of the genus [10] [11] [12] . However, H. perforatum (96.5% of the total oil) and 63 for H. perfoliatum (98.7% of the total oil). The components are listed in Table 1 according to their retention indices on a HP-5 column. The main components of H. perforatum were germacrene D (17.1%), β-caryophyllene (12.3%), γ-muurolene (11.1%), β-farnesene (7.0%), n-undecane (6.3%), 2-methyloctane (5.2%), bicyclogermacrene (4.9%), and spathulenol (3.8%). The major compounds of H. hircinum essential oil were cis-β-guajene (27.5%), δ-selinene (11.4%), n-nonane (10.2%), limonene (5.1%), β-pinene (4.3%), α-gurjunene (4.0%), and caryophyllene oxide (3.2%). For H. perfoliatum, the major compounds were α-pinene (25.3%), thymol (15.8%), τ-cadinol (11.5%), n-nonane (9.4%), n-undecane (3.8 %), δ-cadinene (2.1%), and β-pinene (2.0%).
The composition of the essential oil of H. perforatum differed partly from other oils reported in the literature, even though the sesquiterpenoid fraction dominated [9] . Our sample appears to be similar in composition to the oils of H. perforatum from Mediterranean France [15a] . On the other hand, the available literature reports some essential oils of H. perforatum composed mostly of monoterpenoids [15b]. The essential oils of H. perfoliatum and H. hircinum, however, seem generally more similar to those reported in the literature. The oil of H. perfoliatum was characterized by a predominance of hydrocarbon monoterpenes, as reported for oils of Greek origin [16a] . Other authors [16b,16c] also reported either α-pinene or thymol as main constituents. The essential oil of H. hircinum, here reported, is quite similar to those of Italian origin recently studied by Maggi and coworkers [9] . The data obtained can be useful in clarifying the chemotaxonomic relationships.
The volatile fraction, in fact, was proposed as a useful marker in this genus in support of taxonomic classification Essential oils of Hypericum Natural Product Communications Vol. 6 (11) 2011 1737 based on morphological criteria [10] : for example, Radulovic and co-workers [12] reported that principal component analysis and agglomerative hierarchical clustering of their data on the volatile profiles of Hypericum taxa revealed that H. elegans Stephan ex Willd. could be considered related to H. perforatum.
Phytotoxic activity:
The three essential oils were evaluated for their possibly phytotoxic activity against germination and initial radicle elongation (Tables 2-3) of radish and garden cress, two species usually utilized in biological assays [14b].
The oils did not affect very much the germination and radicle elongation of radish and garden cress: generally, germination of the two types of seeds was less sensitive to the three essential oils than radicle elongation; only the essential oil of H. hircinum, at the highest dose tested, inhibited the germination of garden cress. The essential oils of H. hircinum and H. perforatum, at the highest dose tested, inhibited radicle elongation of radish, while the essential oils of H. perfoliatum and H. hircinum, at the highest dose tested, significantly inhibited radicle elongation of garden cress.
A few studies have reported the phytotoxicity of Hypericum species. Azizi and coworkers [13a] recorded the phytotoxicity of an hydro-alcoholic extract of H. perforatum against Amaranthus retroflexus and Portulaca oleracea, with a significant inhibitory activity on the germination of A. retroflexus seeds. Frizt and coworkers [13b] reported the inhibitory effects of ethanolic crude extracts of Hypericum myrianthum and H. polyanthemum on lettuce; in this study, the radicle length was significantly affected, showing necrosis, probably related to the high amount of phenolic compounds present in these plants.
Our data concerning the phytotoxic activity of Hypericum essential oils could help to explain the limited literature reports on the antigermination activity of these oils. 
Experimental

Essential oil isolation:
Five hundred g of freshly picked aerial parts of each species were cut into small pieces and then subjected to hydrodistillation for 3 h, following the procedure described in the European Pharmacopoeia [17] . The extraction procedure was repeated 3 times, on 3 samples of the same drug.
GC and GC-MS analyses:
Essential oils were analysed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) under the experimental conditions reported earlier [18a] .
Biological assay: A bioassay based on germination and subsequent radicle growth was used to study the phytotoxic effects of the essential oils on seeds of Raphanus sativus L. cv. "Saxa" (radish), and Lepidium sativum L. (cress). Seeds of L. sativum and R. sativus were purchased from Blumen srl, Piacenza, Italy. The seeds were surface-sterilized in 95% ethanol for 15 s and sown in Petri dishes (Ø = 90 mm), containing 5 layers of Whatman filter paper, impregnated with distilled water (7 mL, control) or the test solution of the essential oil (7 mL), at the different assayed doses. The essential oils, in water-acetone mixture (99.5:0.5), were assayed at the follow doses: 2.5, 1.25, 0.625, 0.25, 0.125 and 0.06 μg/mL. Controls performed with water-acetone mixture alone showed no appreciable difference in comparison with controls in water alone. The germination conditions were as follow: 20 ± 1ºC, with natural photoperiod. The seed germination process was observed directly in Petri dishes, each at 24 h. A seed was considered germinated when the protrusion of the root became evident [18b] . After 120 h (on the fifth day), the effects on radicle elongation were measured in cm. Each determination was repeated 3 times, using Petri dishes containing 10 seeds each. Data are expressed as the mean ± SD for both germination and radicle elongation.
Statistical analyses: Data were ordered in homogeneous sets, and the Student's t test of independence was applied [18c].
